(PMN-xPT) with the perovskite-type structure are of interest as components of advanced piezo-active composites [1] [2] [3] . The PMN-xPT SCs with compositions near the morphotropic phase boundary (x ≈ 0.3) exhibit remarkable electromechanical (i.e., piezoelectric, elastic and dielectric) properties ( Table 1 ) that are measured [4] [5] [6] [7] on samples poled along specific crystallographic directions which may be varied in a wide range due to a polarisation orientation effect [3] . A change in a poling direction leads to changes in a piezoelectric activity and anisotropy of the properties of the SC component that influences the properties of the related composite. Modern PMN-xPT SC / polymer composites with 1-3 and 2-2 connectivity patterns [1, 3] are regarded as novel piezo-active materials with many parameters suitable for piezotechnical, hydroacoustic and energy harvesting applications. Among these materials the 2-2 (laminar) composites are important objects for a study of the orientation effects [3, 8] and interconnections between the properties of the SC component and composite as a whole. To the best of our knowledge, data on the hydrostatic piezoelectric performance have yet to be systematised for the 2-2 PMN-xPT-based composites at various x and orientations of the main crystallographic axes of the SC component. An additional stimulus to improve the hydrostatic parameters is to employ a auxetic polymer component with a negative Poisson's ratio [8, 9] . The aim of the present paper is to study the hydrostatic piezoelectric response and related parameters of the 2-2 PMN-xPT SC / auxetic polyethylene composites with x = 0.28-0.33 at taking into account the orientation effect in the [001]-and [011]-poled SCs.
Model of the 2-2 Composite and Their Effective Parameters
A 2-2 parallel-connected composite with a regular distribution of layers on the OX 1 direction (Fig. 1) comprises the SC and polymer layers distributed continuously over the OX 2 and OX 3 directions. An orientation of the spontaneous polarisation vector P s , we consider a rotation of the main crystallographic axes x, y and z of the polydomain SC layer around one of the coordinate axes -OX 1 || x (inset 3 in Fig. 1 ), OX 2 || y (inset 4 in Fig. 1 ) or OX 3 || z (inset 5 in Fig.   1 ). Such rotation modes enable us to maintain polydomain states (insets 1 and 2 in Fig. 1 (Fig. 1) . Hereby the rotation angles are varied [3] as follows: The effective electromechanical properties of the 2-2 composite are evaluated using the complete sets of electromechanical constants of SCs (Table 1 ) and polymer*. Averaging the electromechanical properties along the OX 1 axis is performed by taking into consideration boundary conditions [2, 3] for electric and mechanical fields in the adjacent layers of the composite sample ( Fig. 1) . These boundary conditions at x 1 = const involve the continuity of three normal components of the mechanical stress (σ 11 , σ 12 and σ 13 ), three tangential components of the mechanical strain (ξ 22 , ξ 23 and ξ 33 ), one normal component of the electric displacement (D 1 ), and two tangential components of the electric field (E 2 and E 3 ). The effective properties of the 2-2 composite are represented by the matrix 
(9 × 9 matrix) describes the properties of SC (n = 1) and polymer (n = 2), and superscript 'T' denotes the transposed matrix. In Eq. (1) || M || is the 9 × 9 matrix concerned with the boundary conditions at x 1 = const, || I || is the 9 × 9 identity matrix, and m is the volume fraction of the SC component. Thus, the studied 2-2 composite (Fig. 1) (1). These constants are determined in the longwave approximation [2] , when the wavelength of the external acoustic field is much greater than the width of each layer of the sample.
Orientation Effects and Improved Parameters in PMN-xPT-Based Composites
Hydrostatic parameters Π h *(m, α), Π h *(m, β) and Π h *(m, γ) are studied for the composite in Fig.   1 with electrodes that are parallel to the (X 1 OX 2 ) plane, and therefore, the piezoelectric coefficients with subscripts 31, 32 and 33 are to be considered. Among Π h *s to be discussed, of interest for applications are the hydrostatic piezoelectric coefficients (2) and squared hydrostatic figure of merit As follows from data on absolute maxima of Π h * ( Q ) m 2 holds at m < 0.1 (Fig. 2) , i.e., there is a strong influence of the auxetic polymer component on the effective properties.
It is noteworthy that the condition 
holds within a wide range of volume fraction m and rotation angles, in the presence of the SC component poled either along [001] (Fig. 3, a) or [011] (Fig. 3, b) and at different rotation modes. A considerable part of the hatched area in Fig. 3 , a is related to (m, α) that provides a large ( Fig. 2 ). This performance is due to the orientation effect and elastic anisotropy in the studied composite and the relatively high piezoelectric activity of its SC component. It should be added that ( (4), and these characteristics are of value for hydroacoustic, energy harvesting and related applications. 
Conclusions

